Our study allowed us to define genes in SPI2 important for virulence further and indicated that this locus has a complex mosaic structure.
Introduction
Infections by Salmonella spp. represent a continuing challenge to human and animal health. The pathogenesis of Salmonella is a complex multistage process, and the function of a large number of virulence genes is important for Salmonella pathogenesis in the murine model of salmonellosis (for review, see Groisman and Ochman, 1997) . While many of these genes are components of the common bacterial stress response system also present in non-pathogenic relatives of Salmonella spp. and required for survival within the host under changing conditions (for review, see Foster and Spector, 1995) , some genes only occur in Salmonella spp. and are likely to contribute to some of the distinct characteristics of Salmonella pathogenesis.
One of these distinct features of Salmonella pathogenesis is the ability to invade cells of the host organism. A large number of genes important for the invasion of cultured epithelial cells have been identified. Genetic analysis demonstrated that invasion genes are clustered and present on a pathogenicity island termed Salmonella pathogenicity island 1 or SPI1 (Mills et al., 1995) . More recently, a second virulence locus has been identified during screening for S. enterica ssp. enterica serotype Typhimurium (S. typhimurium) mutants attenuated in virulence in mice (Hensel et al., 1995) . This locus also has characteristics typical of pathogenicity islands and was termed SPI2. Various transposon insertions in SPI2 genes result in a dramatic attenuation of virulence in the model system of murine salmonellosis (Hensel et al., 1995; Shea et al., 1996) . A defect in survival within cultured macrophages caused by SPI2 mutations was reported by Ochman et al. (1996) . Recently, it has been shown that the expression of an SPI2 gene is highly induced in intracellular bacteria (Valdivia and Falkow, 1997) . Although sequence analysis of SPI2 revealed the presence of a type III secretion system, no secreted effector proteins have been detected biochemically, nor have conditions been described under which secretion by the SPI2 secretion system is induced.
For both SPI1 and SPI2, the extent of the virulence loci was defined by hybridization analysis (Mills et al., 1995; Shea et al., 1996) . These analyses indicated a size of about 40 kb for both SPI1 and SPI2. Comparison of the SPI2 locus with the corresponding genomic region of Escherichia coli K-12 revealed that both organisms harbour species-specific insertions. However, several observations indicated a more complex structure for SPI2. (i) Transposon insertions resulting in attenuated virulence were not observed within a certain region of SPI2 towards the 30 cs boundary. Therefore, this region has been considered as a 'stuffer element' with no contribution to the virulence functions of SPI2 (Shea et al., 1996) . On the other hand, it is possible that mutations in the 30 cs region resulted in a lower degree of attenuation than mutations in other SPI2 genes, and thus were not identified by STM. (ii) A lower G þ C content of the DNA was observed at the 31 cs boundary but not at the 30 cs boundary of SPI2. (iii) Whereas SPI1 is present in all Salmonella spp., certain regions of SPI2 are present in S. enterica but not S. bongori, the phylogenetically older species of the salmonellae Hensel et al., 1997b) . However, hybridization analysis revealed that a portion of SPI2 is present in S. bongori and absent in some subspecies of S. enterica (Hensel et al., 1997b) . These observations prompted us to analyse the genetic organization of SPI2 in more detail. In this paper, we report the detailed characterization of the 30 cs region of SPI2, the role in S. typhimurium virulence of genes newly identified in this region and their distribution within subspecies of Salmonella.
Results
Cloning and sequence analysis of the 30 cs region of SPI2
As part of our effort to characterize the physical and genetic structure of SPI2, we cloned and sequenced a 13 kb region of this pathogenicity island. The identification of clones from a 1059 library of S. typhimurium genomic DNA harbouring fragments of SPI2 has been described previously (Shea et al., 1996) , and clone 1 was used for further subcloning as indicated in Fig. 1 .
Identification of genes in the 30 cs region of SPI2
The 5Ј-terminal sequence of a SPI2 gene encoding a protein similar to sensor components of bacterial twocomponent regulatory systems has been described before . The sequence reported here includes the 3Ј-terminus of this gene. For consistency with the nomenclature of SPI2 virulence genes (Hensel et al., 1997a; Valdivia and Falkow, 1997) 7.9 kDa is transcribed in the opposite direction. An alignment of the deduced amino acid sequence of ORF 70 indicated 87% identity to f69 of E. coli over 69 residues (data not shown). f69 is present in an E. coli-specific insertion at a chromosomal location corresponding to SPI2 in S. typhimurium (Blattner et al., 1997; Hensel et al., 1997b) . In S. typhimurium, ORF 70 is located within the Salmonella-specific genomic element. However, in E. coli K-12, f69 is located at the boundary of the E. colispecific insertion. Next in the direction of the 30 cs boundary of SPI2 is a cluster of five genes encoding the tetrathionate reductase complex (ttrBCA) and a two-component regulatory system (ttrRS) required for the expression of ttrBCA. The functional analysis of the ttr gene cluster will be reported elsewhere (M. Hensel, A. Hinsley, T. Nikolaus and B. Berks, unpublished observations). Downstream of the ttr gene cluster, ORF 408 and ORF 245 were identified with coding capacities for proteins of 44.1 kDa and 27.4 kDa respectively. Database searches indicated that the putative protein encoded by ORF 408 has sequence similarity to the ribose transport protein RbsK of E. coli K-12 (SWIS-SPROT accession no. P05054; 36.3% identity over 291 residues). No significant sequence similarity was revealed by database searches with ORF 245. The sequences of two ORFs further downstream towards the 30 cs boundary of SPI2 have been described previously (Hensel et al., 1997b) . ORF 32 shows sequence similarity to the proline iminopeptidase of Lactobacillus delbrueckii, and ORF 48 is similar to a hypothetical amino acid permease of E. coli. The next gene, pykF, encoding the pyruvate kinase of S. typhimurium, is also present in E. coli K-12 and defines the boundary of the 30 cs region (Hensel et al., 1997b) .
Role of genes in the 30 cs region of SPI2 in Salmonella virulence In order to investigate the role of genes in the 30 cs region in S. typhimurium virulence, strains were generated harbouring mutations in this region. For the analysis of virulence in the model of murine salmonellosis, competition assays were performed between S. typhimurium wildtype and mutant strains. After intraperitoneal infection with equal amounts of two strains carrying different resistance markers, the number of bacteria of each strain recovered from the liver and spleen of infected animals was determined (Table 1) . Mutants in which ORF 242 (strain MvP265), ttrB (strain MvP257) or ORF 48 (strain MvP341) had been inactivated by insertion of the aphT gene cassette were recovered from infected host organs in numbers similar to those of S. typhimurium wild type. Mutant strain MvP256 (ttrS ::aphT ) was recovered from the spleens and livers of infected mice at 10-fold and fivefold lower rates, respectively, than the wild type, indicating a slight defect of this strain for replication in infected host organs. In contrast, strain P8G12 harbouring a mTn5 insertion in ssrB (Table 1) , as well as strains harbouring mutations in the ssa genes encoding the type III secretion system of SPI2 (data not shown), were recovered from the spleens in at least 1000-fold lower numbers than the wild type. Mutant strains in ORF 242, ttrB and ORF 48 were also analysed by competition assays with S. typhimurium wild type after oral infection in mice. These mutants were recovered from Peyer's patches, liver and spleen in numbers similar to those of the wild type (Table 1 ). In the model of oral infection, the competitive index for mutant strain P8G12 was less than 0.001. For strain MvP341, the Groups of 3-5 mice were infected via the intraperitoneal or oral routes with an inoculum containing equal amounts of S. typhimurium wild type and a mutant strain as indicated. At the indicated time points, mice were sacrificed, and the bacterial load of liver, spleen and Peyer's patches was determined.
ratio of mutant to wild type after oral inoculation was lower than the ratio after intraperitoneal inoculation. This may indicate that the function of ORF 48 is important for the initial phase of the infection, e.g. survival of S. typhimurium in the stomach or intestinal lumen.
Our data indicate that genes in the 30 cs region of SPI2 do not contribute significantly to systemic infections of S. typhimurium in the mouse model of salmonellosis. Furthermore, these genes do not contribute to the ability of S. typhimurium to penetrate the intestinal mucosa, proliferate rapidly in infected host organs and cause a fatal bacteraemia after oral inoculation.
Analysis of the distribution of the 30 cs region among Salmonella spp.
A comprehensive Southern hybridization analysis of the 30 cs region was performed in order to characterize the distribution of this region of SPI2 in various Salmonella isolates. Probes corresponding to the 30 cs region were hybridized to digests of genomic DNA of S. typhimurium 12023, E. coli K-12 and various isolates of Salmonella subspecies (SARC collection). The phylogenetic relationship for strains of the SARC collection has been determined by multilocus enzyme electrophoresis (Boyd et al., 1996) . Hybridization probes were obtained after restriction enzyme digests of subcloned fragments of SPI2, or generated by polymerase chain reaction (PCR) (Fig. 2A) . No hybridization of probes was observed from the 30 cs region to DNA fragments of E. coli genomic DNA. The hybridization analysis revealed that certain fragments of the 30 cs region are present in all S. enterica subspecies and in S. bongori isolates (Fig. 2B) A. The position of hybridization probes derived from restriction fragments or fragments generated by PCR is indicated by solid bars. B. Hybridization of probes to digests of genomic DNA of various Salmonella spp. strains of the SARC collection and to E. coli K-12. The presence or absence of hybridizing bands is indicated by þ or ¹ respectively. in S. enterica ssp. IIIa, IV, VII and S. bongori serotype 44:z48 (SARC strain 12). This result indicates that the cluster of four ORFs between ttrA and pykF has been lost in several subspecies of S. enterica and S. bongori, or represents an insertion only present in certain isolates. The presence of pykF in Salmonella spp. and E. coli K-12 has been used before to define the boundary of SPI2 (Hensel et al., 1997b) .
Base composition of DNA and codon frequency in SPI2
Analysis of the base composition of bacterial DNA has been used to identify regions of the bacterial chromosome that have been acquired by horizontal gene transfer. Analysis of the base composition towards the 31 cs boundary of SPI2 revealed a low G þ C content of the Salmonellaspecific sequences (Hensel et al., 1997b) . However, this change in the base composition was not observed at the 30 cs boundary between the Salmonella-specific region and the region present in S. typhimurium and E. coli. The base composition of the entire SPI2 locus of S. typhimurium was analysed (Fig. 3) . A G þ C content lower than the average G þ C content of the Salmonella chromosome was only observed for a portion of about 25 kb, i.e. between ssaU at the 31 cs boundary of SPI2 and ssrB towards the 30 cs boundary. An increase in the G þ C content was observed downstream of ssrB. The average G þ C content of 55.5% calculated for the 30 cs region A is even higher than the average G þ C content of the S. typhimurium genome of 52% G þ C (Lawrence and Ochman, 1996) . However, downstream of ttrA, a decrease in G þ C content is observed, and the base composition of 47.7% G þ C of the 30 cs region B is again different from the average of the S. typhimurium genome. In combination with the heterogeneous distribution of the 30 cs region B within Salmonella spp., this observation may indicate that the 30 cs regions A and B represent elements of different origin.
The codon frequencies of genes in the 25 kb portion of SPI2 containing virulence genes and of genes within the 15 kb of the 30 cs regions A and B of SPI2 were calculated and compared with the average codon frequency of 690 S. typhimurium genes available from the EMBL database (Table 2 ). The codon frequency of the SPI2 virulence genes was very similar to the frequency of class III genes of E. coli (Mé digue et al., 1991; Hé naut and Danchin, 1996) . In contrast, the codon frequency of genes of the entire 30 cs region of SPI2 is similar to class I genes of E. coli and also similar to the average frequency for genes of S. typhimurium (Table 2) . 
Discussion
We analysed the genomic structure of SPI2, a pathogenicity island (PAI) in S. typhimurium important for systemic infections. Our data indicate that SPI2 is composed of at least two genetic elements that have been acquired independently. A larger portion of SPI2 of about 25.3 kb containing genes important for the virulence functions of SPI2 is located between the tRNA ValV gene at 31 cs of the S. typhimurium genome and ssrB of SPI2. A smaller portion of SPI2 of 14.5 kb is flanked by ORF 242 and pykF at 30.5 cs (Fig. 1) . The 14.5 kb portion of SPI2 harbours a cluster of five ttr genes involved in anaerobic tetrathionate reduction (unpublished observation) and seven additional ORFs of unknown function. In this paper, we present several lines of evidence for this model. (i) Mutational analysis indicates that genes in the 14.5 kb portion of SPI2 do not contribute significantly to systemic infections in the mouse model of salmonellosis. (ii) Owing to its presence in the phylogenetically older species S. bongori, we assume that the ttr gene cluster and further genes in the 14.5 kb portion represent a more ancient insertion. The cluster of virulence genes in the 25.3 kb portion of SPI2 is only present in isolates of S. enterica and is therefore likely to be a more recent insertion. (iii) A distinct difference in base composition between genes in the 25.3 kb and 14.5 kb portion was observed. (iv) Analysis of the codon frequency revealed that the SPI2 virulence genes in the 25.3 kb portion and genes in the 14.5 kb portion belong to different classes of genes.
Based on the observations reported here, we have developed a hypothesis for the evolution of the SPI2 locus (Fig.  4) . The tRNA ValV gene of a common ancestor of Salmonella spp. and E. coli may have served as a targeting region for the integration of a genetic element containing the ttr gene cluster and, subsequently, for a second element harbouring the SPI2 virulence genes. Alternatively, both elements may have been acquired in a single event, and the SPI2 virulence gene cluster has subsequently been lost in S. bongori. However, because of the distinct differences in function and genetic structure of the elements, the latter possibility is less likely. The tRNA ValV gene was the target site for the integration of an E. coli-specific element of 9 kb of unknown function (Hensel et al., 1997b Codon frequencies were compared with the average codon frequency of 690 genes of S. typhimurium present in the EMBL database ('genome').
designated SPI3, is located at the tRNA SelC at 82 cs (Blanc-Potard and . These observations underline the importance of tRNA genes for the integration of foreign DNA elements. The arrangement of the genomes of S. typhimurium and E. coli is parallel over wide ranges, and it has been estimated that about 80% of the genomes of both species are identical. Many of the properties specific to either species have been mapped to loops, i.e. regions that are only present in one of the species (Krawiec and Riley, 1990) . Acquisition and deletion of genetic elements is considered to be the most important factor in bacterial speciation (Lawrence and Roth, 1996) , resulting in the mosaic structure observed for the genomes of E. coli and Salmonella spp. (Groisman et al., 1992) . Our analysis indicates a complex mosaic structure of the SPI2 locus, which appears to be composed of at least two independently acquired elements. A similar mosaic structure has been reported recently for the smpB-nrdE intergenic region of the S. enterica genome (Bä umler and Heffron, 1998 ), which appears to be composed of five DNA elements of different origins, including a phage-like element. The mosaic structure of SPI2 is different from the structure of PAIs of pathogenic E. coli, which represent single insertions of large DNA elements (Hacker et al., 1997) . Whereas the latter represent rather recent insertions that are frequently lost (Blum et al., 1994; Morschhauser et al., 1994) , SPI1 and SPI2 of Salmonella spp. appear to be phylogenetically older insertions that are genetically stable. The loss of SPI1 has been observed in certain environmental, but not clinical, isolates of S. enterica (Ginocchio et al., 1997) . We have also not observed indications for deletions within SPI2 virulence genes in clinical isolates of S. enterica (data not shown). There are no indications for genes or sequence elements related to DNA transfer functions such as integrase genes or repeats inside, or in the vicinity of, the insertions at the tRNA ValV gene in S. typhimurium or at the tRNA ValVW gene of E. coli.
This study allows us to delimit the region of SPI2 required for virulence to 25.3 kb. This region contains a cluster of more than 30 genes encoding a type III secretion system, effector proteins (M. Hensel et al., unpublished data) and the regulatory system SsrAB. However, additional genes involved in SPI2 function may be located in other regions of the chromosome. It has been demonstrated recently that a gene encoding SopE, an effector protein translocated by the type III secretion system of SPI1, is located outside SPI1 (Hardt and Galan, 1998) .
The distinct differences between the G þ C content of PAIs and the genome average have been considered as indicators for the heterologous origin of PAIs. Lawrence and Ochman (1996) showed that the base composition of such foreign DNA adapts to the base composition of the host genome over time. From the extent of such adaptation, one can conclude that SPI2 virulence genes form a rather recent insertion. This observation is also supported by the analysis of the distribution of SPI2 virulence genes within the salmonellae Bäumler, 1997; Hensel et al., 1997b) . The analysis of 780 E. coli genes has allowed the definition of three classes of genes (Médigue et al., 1991) . Class III genes are involved in genetic exchange or indicate a plasmid-borne origin. The codon frequency of SPI2 virulence genes indicates that these genes also belong to class III. This observation may suggest that a plasmid has been the origin of the virulence genes of SPI2.
Acquisition of virulence genes by horizontal gene transfer and stable integration into the genome has been an important factor for speciation of Salmonella and the evolution of pathogenicity (Bä umler, 1997; Groisman and Ochman, 1997) . During the evolution of Salmonella spp., several independent events of horizontal gene transfer have resulted in the presence of at least three PAIs (SPI1, SPI2 and SPI3) and various smaller insertions. The identification of further virulence loci and an understanding of their modes of transfer will improve our understanding of the evolution of pathogenicity in bacteria.
ᮊ 1999 Blackwell Science Ltd, Molecular Microbiology, 31, 489-498 Fig. 4 . Model for the evolution of SPI2. Acquisition of genetic elements by horizontal gene transfer suggests a divergent evolution of the loci at the tRNA Val gene of E. coli, S. bongori and S. enterica. Southern hybridization analysis and DNA sequence data revealed the presence of E. coli as well as Salmonella ssp. specific insertions. The presence of the ttr gene cluster in S. enterica and S. bongori, and the presence of SPI2 virulence genes only in S. enterica indicate a composite structure for SPI2.
Experimental procedures
Bacterial strains and culture conditions S. typhimurium [full taxonomical name S. enterica subspecies I (enterica) serotype Typhimurium] wild-type strains 12023 (identical to ATCC 14028s) and LT2 were used in this study. Mutants obtained by signature-tagged mutagenesis of S. typhimurium 12023 have been described previously (Hensel et al., 1995) . Further details of strains used in this study are listed in Table 3 . Salmonella spp. and E. coli strains were routinely maintained in Luria broth (LB) or on LB agar. Antibiotics were used at the following concentrations: ampicillin 100 g ml
¹1
; carbenicillin 50 g ml
; kanamycin 50 g ml ¹1 ; nalidixic acid 100 g ml
; chloramphenicol 50 g ml
.
DNA biochemistry
Cloning. The isolation of phage 1 from a library of genomic DNA of S. typhimurium has been described previously (Shea et al., 1996) . For further characterization, subclones of 1 were constructed as described in Table 3 .
Hybridization. Genomic DNA of various Salmonella strains and E. coli K-12 was prepared as described previously (Hensel et al., 1997b) . For Southern hybridization analysis, genomic DNA was digested with EcoRI or EcoRV, fractionated on 0.6% agarose gels and transferred onto Hybond N þ membranes (Amersham). Various probes corresponding to the 30 cs region were obtained as restriction fragments of the subcloned insert of 1. Probes corresponding to ORF 242 and ORF 319 were generated by PCR using primer sets D89 (5Ј-TTTTTACGTGAAGCGGGGTG-3Ј) and D90 (5Ј-GGCATT-AGCGGATGTCTGACTG-3Ј), and D91 (5Ј-CACCAGGAAC-CATTTTCTCTGG-3Ј) and D92 (5Ј-CAGCGATGACGATAT-TCGACAAG-3Ј) respectively. PCR was performed according to the specifications of the manufacturer (Perkin-Elmer). PCR products were submitted to agarose gel electrophoresis, and fragments of the expected size were recovered and purified. Hybridization probes were labelled using the DIG labelling system as described by the manufacturer (Boehringer Mannheim).
Nucleotide sequence analysis. A primer walking strategy was used for the sequence determination of subclones derived from phage 1. Plasmid DNA of subclones p1-5, p1-7 and p1-9 was sequenced using the dye terminator kit (PerkinElmer) and custom-designed primers (Pharmacia; primer sequences are available on request from the authors). Sequencing reactions were run on a ABI 377 sequencer. The DNA sequence was assembled and analysed using the programs ASSEMBLYLIGN and MACVECTOR (Oxford) running on an Apple PowerPC7200. Database searches were performed on the Human Genome Mapping Project Server using the programs BLAST and FASTA. Further sequence analysis was performed with program modules of the GCG package version 9.0 (Devereux et al., 1984) .
Generation of mutant strains. Genes within the 30 cs region of SPI2 were inactivated by the insertion of a gene cassette Miller and Mekalanos (1988) containing the kanamycin resistance gene without the transcriptional terminator (aphT gene cassette) (Galan et al., 1992) . For the generation of a mutation in ttrB, p1-9 was digested by EcoRV and ligated to a 0.9 kb HincII fragment of pSB315 (Galan et al., 1992) representing the aphT gene cassette. In addition, fragments were amplified by PCR using primers pairs ORF-242-For (5Ј-CCAGGTACCGGATCGTGCAG-3Ј) and ORF-242-Rev (5Ј-CAGTCTAGAGTATTAACCAGGGG-3Ј) for ORF 242, and ttrS-For (5Ј-TCAGGTACCAACCCGG-CGAATT-3Ј) and ttrS-Rev (5Ј-CAGTCTAGAAAATCGACG-GCGCC-3Ј) for ttrS. Primers were designed to introduce XbaI and KpnI restriction sites, as indicated by the underlining. PCR products were digested by KpnI and XbaI and ligated into KpnI-and XbaI-digested pKSþ. The aphT gene cassette was introduced into the cloned fragments using HincII sites in ttrS as well as in ORF 242 (Fig. 1) . In all cases, the resulting constructs were subsequently transferred after digestion with XbaI and KpnI into KpnI/XbaI-digested suicide vector pKAS32 (Skorupski and Taylor, 1996) . Ligation reactions were used to transform E. coli CC118 pir to resistance to ampicillin and kanamycin. Confirmed plasmid constructs were electroporated into E. coli S17-1 pir, and conjugational transfer to MvP100 (Strep r ) was performed by filter mating (de Lorenzo and Timmis, 1994) . Recipients that had integrated the suicide vector were selected by resistance to kanamycin and chloramphenicol. Subsequently, clones that had undergone replacement of wild-type alleles by alleles disrupted by the aphT cassette were enriched by culture in LB containing 250 g ml ¹1 streptomycin as described previously (Skorupski and Taylor, 1996) . The position of the aphT cassette was confirmed by Southern hybridization analysis of the total DNA of exconjugants, and the mutation was transferred to wildtype S. typhimurium 12023 by P22 transduction according to standard procedures (Maloy et al., 1996) .
For the construction of a mutation in ORF 48, pTT-1 was digested by XhoI and EcoRI, blunt ended by treatment with the Klenow fragment of DNA polymerase I and self-ligated to remove part of the polylinker containing a Sal I site. The resulting construct was digested by Sal I, dephosphorylated, and the Sal I fragment of pSB315 representing the aphT gene cassette was introduced. The resulting plasmid was electroporated into S. typhimurium 12023 and subsequently transferred into the polA strains CH607 by P22 transduction. Transductants were selected on LB containing 50 g mg ¹1 kanamycin. Four clones were selected that were resistant to kanamycin but sensitive to carbenicillin. The mutation was transferred into S. typhimurium 12023 by P22 transduction, and proper integration of the aphT cassette was confirmed by Southern analysis. One clone in which ORF 48 was disrupted by the aphT cassette was termed MvP341 and used for further studies.
Analysis of Salmonella virulence
For competition assays between S. typhimurium wild-type and various mutant strains, bacteria were grown in LB to an optical density at 600 nm of 0.4-0.6. Cultures were diluted, and aliquots of two cultures were mixed to form an inoculum containing equal amounts of both strains. The ratio of both strains was determined by plating dilutions on LB plates containing antibiotics selective for individual strains. For the oral route of infection, mice were gently fed with 50 l of PBS containing about 2 × 10 8 colony-forming units (cfu) after neutralizing the stomach acid by feeding 30 l of 10% Na 2 CO 3 . For intraperitoneal infections, an inoculum of about 10 4 cfu was used to infect female BALB/c mice (Charles River Breeders), 6-8 weeks old, by injection into the peritoneal cavity. At several time points after infection, mice were sacrificed by cervical dislocation, and the bacterial load of liver and spleen was determined by plating tissue homogenates using the WASP (Meintrup) spiral plating device. Plating was performed using LB plates containing 50 g ml ¹1 kanamycin or 100 g ml ¹1 nalidixic acid to select for the mutant strains or the wild type respectively.
Nucleotide sequence accession numbers
The nucleotide sequence of the region of SPI2 described in this study has been deposited at the EMBL database under accession number AJ224978. The DNA sequence of the 3Ј end of ssrA and the ssrB gene has been deposited under accession number Z95891.
